survival within specific birth weight (BW) categories has been related to perinatal care and infant maturity. 5, 6 We previously reported maternal, perinatal, and nursery factors associated with survival in VLBW infants born in our hospital for the years 1982± 1983. 7 We report here data at four time periods from 1982 through 1995 from the same hospital showing changes over time.
Los Angeles County+University of Southern California (LAC+USC) Medical Center, Women's and Children's Hospital is a tertiary perinatal center with a large obstetric population that has been 87% or more Hispanic primarily from Mexico and Central America. This population is highly mobile, of low socioeconomic status with few alternate health care resources. More than half the Hispanics are immigrants who speak no English. Despite the increasing numbers of Hispanics in our country, there is little information regarding the survival of VLBW infants among Hispanics. This report provides an opportunity to evaluate nursery survival in this growing United States population.
MATERIALS AND METHODS
All 1729 infants with BW 500±1500 g born alive at Women and Children's Hospital, LAC+USC Medical Center during the years 1982±1983 (period 1), 1985±1986 (period 2), 1989±1990
OBJECTIVE:
To evaluate nursery survival of very low birth weight infants ( VLBW ) over time, born in the same large inner -city hospital with a predominantly Hispanic population.
METHODS:
All liveborn VLBW infants weighing 500 ± 1500 g at birth were included in four time periods of 2 years' duration during 1982 to 1995. Demographics were collected for the obstetric population. Clinical data were collected including maternal and infant perinatal factors. All infants were assigned a cause of death and infants dying with lethal anomalies were then excluded from further evaluations.
RESULTS:
Overall survival improved progressively ( p = 0.0001 ) with dramatic improvement in survival of infants 500 ± 750 g birth weight ( BW ) in period 4 ( 1994 ± 1995 ) . The number of lethal anomalies did not increase but accounted for a larger portion of deaths in period 4. Decreases in other causes of death over time reflected changes in perinatal care. Although the mothers were high -risk, none of the maternal factors evaluated showed any consistent effect on infant survival. Improved labor and delivery care was associated with improvement in Apgar scores, a decrease in intracranial hemorrhage / intraventricular hemorrhage as a cause of death and an improvement in survival between the first two periods. In spite of the increase in Cesarean sections for infants of 500 ± 750 g BW and their improved survival in period 4, no clear advantage for Cesarean section could be demonstrated. The marked improvement seen in period 4 was associated with three changes in care: increased use of maternal steroids, administration of surfactant, and the use of newer ventilatory methods including high -frequency oscillatory ventilation. Although female gender (period 3) and 1994±1995 (period 4) were included in the study. These 2-year periods include 57% of the time interval. Data collected prospectively and retrospectively included demographic, health, and obstetric factors for the mother and perinatal and postnatal factors for the infant.
All deaths before nursery discharge were analyzed and classified according to criteria developed by Hein and Brown 8 in 1981 categorizing the primary cause of death as immaturity defined as BW <751 g, lethal anomaly (LA), respiratory distress syndrome/ bronchopulmonary dysplasia (RDS/BPD), infection including bacterial, viral and fungal, intracranial hemorrhage/intraventricular hemorrhage (ICH/IVH), asphyxia defined as Apgar score at 1 and 5 minutes equal to or less than 5 without stabilization, and other. All deaths were evaluated by at least two of the authors and primary cause of death was assigned depending on clinical history and autopsy findings when available. Infants were included in the LA category regardless of BW. All infants with BW <751 g other than those with LA were assigned to the immaturity category regardless of the cause of death. Specific causes of death were determined for infants of BW <751 g in period 4. Comparisons between periods were made for the cause of death and mortality with and without LA. Infants with LA were then removed from further study and survival excluding LA was evaluated within specified BW and gestational age (GA) categories in the four time periods.
The incidence and effect on infant survival of maternal factors including race, age at delivery, gravidity, substance abuse, pregnancy illnesses, including diabetes, infection, cardiac conditions and chronic hypertension, and pregnancy problems including multiple birth, premature rupture of membranes (ROM) >24 hours, bleeding during pregnancy, anemia, placenta previa, and pregnancy-induced hypertension (PIH) were compared for the four time periods. Infant factors including gender, BW, GA, method of delivery, Apgar score at 1 and 5 minutes, type of resuscitation, first pH, treatment with oxygen, antibiotics, vasopressors, and assisted ventilation as well as complications including significant ICH/IVH, 9 infection, and surgery were compared for infant survival and death for the four time periods. GA was assessed by maternal history unless the estimate of maturity by Ballard examination 10 differed by greater than 2 weeks. In that case, the Ballard score was used. Infants were considered small for gestational age (SGA) if their BW was below the 10th percentile on the Denver Intrauterine Growth Curves.
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Because of the marked improvement in nursery survival in periods 3 and 4, these two periods were frequently evaluated in more detail and compared to each other.
DATA ANALYSIS
The Epi Info statistical package 12 was used for the testing of the linear trend of proportions and rates over time and for testing the association of risk factors and outcomes. Chi-square test was used in both instances. Logistic regression analysis was used to examine the influence of birth weight, gestational age and time period on survival. Adjusted odds ratios and their 95% confidence intervals were derived. The SAS statistical software was used for the logistic regression analysis. 13 
RESULTS
The total number of live births and the neonatal death rates are shown in Table 1 . The hospital delivery rate increased throughout the first three time periods but dropped to less than half in period 4. In the 3 years preceding period 4, health maintenance organizations became well established in Southern California. Women who previously were delivered at LAC+USC Medical Center were now often cared for in these organizations. The distribution of BWs between 500 and 1500 g remained essentially unchanged during the periods studied ( Table 2 ). In particular, infants with birth weights between 500 and 750 g consistently comprised about 20% of the total. Because the major mortality is found in this group, this lack of change indicates that the population was similarly high-risk in spite of the drop in total deliveries. Live births and nursery survival with and without LA for infants of BW 500±1500 g for the four time periods are also shown in Table 1 . There was an overall increase in survival over the four time periods, whether or not lethal anomalies were included. The primary cause of death is shown in Table 3 . The proportion of deaths due to immaturity, defined as infants weighing <751 g without LA, increased from period 1 to period 2 and then remained stable throughout the remaining periods. Asphyxia and ICH/IVH decreased significantly (p<0.001) as a cause of death between periods 1 and 2 and remained low during periods 3 and 4. The number of infants with LA did not increase in period 4, although LA now accounted for almost half of the deaths. Throughout the four periods, over 80% of anomalies were of the central nervous system, primarily anencephaly and meningomyelocele. Infants with trisomies, dwarf syndromes and renal dysplasias made up smaller percentages. Congenital heart disease was not lethal in these VLBW infants. In period 4, after removing deaths due to immaturity and LA, the remaining causes accounted for less than 10% of all deaths. To more appropriately evaluate causes of death that could be influenced by changes in obstetrical and neonatal care specific causes for the 27 infants of <750 g were determined. Lethal anomalies and RSD/CLD were each responsible for 8 of the 17 deaths (30% each). Immaturity was present alone in 22%, sepsis in 11% and bowel perforation in 7%. Infants with LA were then excluded from further analyses.
Survival by BW categories is shown in Table 4 . There is a significant linear trend toward improvement in nursery survival in all BW categories across the four time periods. Highly significant changes were limited to infants weighing less than 1250 g. In infants of 751±1000 g, survival rose from 39% in period 1 to 95% in period 4. For those infants weighing 500±750 g, the most dramatic changes occurred in the last period with improvement in survival from 26% in period 3 to 66% in period 4. Survival by GA is shown in Table 5 . There was a highly significant trend toward improvement in survival in all weeks of gestation across all four time periods except 32±33 weeks where there was little possibility of improvement. Major improvement occurred from 26 to 29 weeks of gestation and dramatic improvement was seen at <26 weeks between periods 3 and 4. Mean BW and GA for both survivors and nonsurvivors consistently decreased over time. Both were smaller and more immature in period 4. Mean BW for survivors decreased from 1211222 g in period 1 to 1116281 g in period 4 ( p<0.0001). Mean BW for nonsurvivors decreased from 823231 in period 1 to 675231 in period 4 ( p=0.036). Mean GA for survivors decreased from 30.42.8 weeks in period 1 to 29.43.0 weeks in periods 4 ( p<0.001). Mean GA for nonsurvivors decreased from 26.32.9 weeks to period 1 to 24.32.5 weeks in period 4 (p<0.005). The age at death for infants with BW <1001 g and BW 1001±1500 g is shown in Table 6 . Significant changes in time of death were limited to infants 1000 g. There were fewer deaths <24 hours in period 4 and all these deaths occurred within the first 6 hours. No infant with birth weight >1000 g died after 24 hours in period 4. The two infants in this weight group who died <24 hours despite resuscitative efforts were both severely asphyxiated at birth with Apgar scores at 1 and 5 minutes of 1, 1 and 2, 2, respectively. With the exception of an increase in period 3, the incidence of postneonatal deaths remained the same throughout the study.
Maternal factors remained essentially unchanged throughout the study and showed no consistent effect on nursery survival (Table 7) . Throughout all time periods the mothers continued to be high-risk with a significant incidence of pregnancy illness and problems. The incidence of ROM >24 hours varied from 16% to 35% throughout the four time periods but showed no difference between survivors and nonsurvivors. Only two of the factors that we examined showed a significant difference during one time period each between survival and nonsurvival. No prenatal care was more frequent in nonsurvivors during period 1 (p=0.025) and PIH was seen more often in survivors in period 3 (p=0.05). Since our previous report of demographic, health, and obstetric factors for our population in 1982±1983 7 we have found no consistent changes other than the increase in Hispanic and the decrease in black mothers. The proportion of unmarried mothers in our total population was high and increased over time reaching 59% for Hispanics and 78% for blacks in period 4. However, the proportion of unmarried mothers who delivered VLBW infants was 65% in period 4 and did not differ between Hispanics and blacks. The overall incidence of Cesarean section rose from 25% to 76% for infants of 500±750 g BW between periods 3 and 4 ( Table 8 ). The most dramatic change occurred for survivors of 600±699 g BW where the survival in infants delivered by Cesarean section increased from 27.3% to 91.7%. The indications for Cesarian section were broadened to include both fetal and maternal indications in these extremely low birth weight infants. The fetal indications included breech presentation and evidence of fetal stress on fetal heart rate monitoring. The standard maternal indications such as maternal hemorrhage and hypertension were increasingly used in decisions for operative delivery in very small infants. In spite of the increase in Cesarean sections and the improvement in survival between the two periods, there was no significant advantage in survival for those infants delivered by Cesarean section. Maternal steroids were used very sparingly at <10% in periods 1 and 2 and <20% in period 3. By 1994 in period 4, 32% of mothers were given steroids before delivery with an increase to 60% in 1995. The percent of male infants was 54%, 47%, 54%, and 47% in the four time periods. There was a small male preponderance in nonsurvivors as expected, except for the last period. In period 4, a greater proportion of females than males were born (53% vs. 47%, p=0.04) but survival was equal at 91% for both genders. Approximately 15% of infants were multiple births throughout the study. The incidence of SGA in survivors varied from 19% to 26% whereas that in nonsurvivors decreased from 18% to 9% across the four periods. Although there was a trend in each period for fewer SGA among nonsurvivors, the differences were not great enough to achieve significance. The infants with a 1-minute Apgar score of <5 decreased significantly between periods 1 and 2 from 58% to 37% (p<0.005). The number with 5-minute Apgar scores 5 also dropped between periods 1 and 2 from 34% to 11% (p<0.001).
Because of the marked improvement in infant survival found between periods 3 and 4, these two periods were evaluated further ( Table 9 ). In periods 3 and 4 we changed from recording low Apgar scores as 5 according to Hein and Brown's classification 8 to the more current standard of <4. Survival of infants with both 1-and 5-minute Apgar scores <4 increased between periods 3 and 4; however, a low Apgar score at both 1 and 5 minutes was significantly related to nonsurvival. In period 3, surfactant was only used in a placebo-controlled trial given to few infants with VLBW. In period 4, use of surfactant became common practice in the NICU with 48% and 43% of VLBW infants receiving surfactant in 1994 and 1995. HFV was seldom used in period 3, whereas in period 4, 28% received HFOV in 1994 and 37% in 1995.
The percentage of Hispanics in the overall maternity population increased from 87% in 1982±1983 to 94% in 1994± 1995. However, Hispanic mothers comprised only 76% to 88% of mothers of VLBW infants in those time periods. The proportion of black mothers in the overall population was much less; however, black mothers comprised a disproportionately high percent of mothers of VLBW infants. In spite of blacks comprising only 2.5% and 2% of the total live births in periods 3 and 4, they contributed a disproportionate 13% and 8% of the VLBW infants (Table 10 ). When the incidence of VLBW infants was calculated for blacks and Hispanics, the blacks had four to five times the incidence of Hispanics. More black infants were SGA in periods 3 (p=0.02) and 4 (p=0.01). However, when survival of VLBW infants for blacks and Hispanics was compared by BW and GA there were no differences (Table 11) . Again, when survival of SGA infants was compared for the two groups, no difference was found. Overall, SGA conferred no advantage or disadvantage for survivors. The greatest differences found between periods 3 and 4 were in the smallest and most immature infants, those with BW <751 g and GA <26 weeks. The combined effects of BW and GA for these infants are shown in Table 12 . In period 3 only one infant survived at 24 weeks and no infant survived below 24 weeks' gestation regardless of BW. At 25 weeks, 50% of the infants weighing 600 g survived, but none survived below this weight. In period 4, two of nine (22%) infants survived at 22 weeks, and at 23 weeks survival was 56%. Over 25 weeks, survival increased to 85%. Multivariate analysis identified the time period as the most significant factor related to survival followed by GA. Below 751 g, BW played a statistically insignificant role in survival.
DISCUSSION
From 1982 through 1995 we have studied all live births of 500±1500 g occurring during four time periods in our hospital to determine those factors that contribute to infant survival. Hispanic mothers comprised the large majority of our obstetric population, increasing over the study period. It is of interest that the poor Hispanic woman with limited access to health care nevertheless had fewer VLBW infants than the poor black woman as has been previously reported. 14 Survival was not different for Hispanic and black VLBW infants. Although there was an increased incidence of black SGA infants, this showed no effect either on survival or nonsurvival for the black VLBW infant. Although the majority of mothers were high-risk throughout the periods studied, none of the maternal factors evaluated showed any consistent effect on the survival of VLBW infants as reported by ourselves and others. 7, 15, 16 The incidence of substance abuse among our Hispanic mothers was low. Infant depression at birth as evidenced by low Apgar scores was associated with nursery death throughout the time periods. Although female gender has been equated with improved survival, 17 in the last 2 years of our study there was no female advantage. Consequently, we would caution against using gender as a determinate for management decisions. 18 Although the incidence of LA remained essentially the same, LA accounted for a greater proportion of deaths in the last time period due to the decrease in deaths from other causes.
Significant improvement in survival in our infants occurred over the four time periods. Other reports of survival for VLBW infants when measured by either BW <1500 g or GA <28 weeks also showed consistent improvement from 1986 through 1992. 19 ± 22 Large changes were seen in our infants with BW 751±1250 g between periods 1 and 2. For infants with BW 751±1000 g the greatest difference occurred in our study between periods 2 and 3. Hack et al. 23 report survival data for infants of BW 500±1500 g from the National Institute of Child Health and Human Development (NICHHD) Neonatal Network for the years 1989±1990, the same time as our period 3. Our results are comparable except for the smallest weight group ( <751 g) where the average survival from the Neonatal Network was 39% compared to 26% in our infants. Survival in our hospital showed the most dramatic change in this weight group after 1989±1990. For infants weighing 500±750 g, survival remained low until period 4 when it jumped to 66%. 1989 ± 1990 1994 ± 1995 500 ± 599, n / t (%) 600 ± 699, n / t (%) 700 ± 750, n / t (%) Total 500 ± 599, n / t (%) 600 ± 699, n / t (%) 700 ± 750, n / t (%) Total This figure compares favorably with the 59% reported by O'Shea et al. 24 for infants with BW 800 g or less from 1989 to 1994. By period 4 there was essentially no difference in survival in infants weighing >750 g in our study.
The higher percentage of VLBW infants born to black mothers is a well-known but not totally explained phenomenon. 25 Of the quoted articles that report nursery survival, 12 include racial composition of the subjects 7,17,20 ± 24,26 ± 30 and 5 of the 12 report a preponderance of blacks from 54% to 77%. 17,20 ± 23 Only five refer to Hispanics. Of these, two articles from the NICHHD Neonatal Network reported Hispanics as 6% and 11% of their population, 20, 22 whereas one article reported 80±85% from another inner-city Los Angeles hospital. 30 The remaining two are previous articles from our hospital with 76% and 85% Hispanics, respectively. 7, 29 In spite of the disparity in racial make-up, the results of all the studies quoted are very comparable. Black race appears to impart little advantage to the VLBW infant when results are compiled by either BW or GA, and Hispanics seem to be at no disadvantage.
Changes in perinatal management occurred that were associated with the changes in infant survival. Between periods 1 and 2, there was a highly significant decrease (p<0.001) in asphyxia and ICH/IVH as causes of death. It was during period 1 that we began classifying all neonatal deaths according to Hein and Brown's classification 8 of preventable and nonpreventable causes. Asphyxia was the leading cause of presumed preventable deaths in period 1 and the prevention of asphyxia became the focus for changes in management. A combined effort with our Maternal±Fetal Medicine Division resulted in improved delivery room care of the fetus 31 and the development of a dedicated in-house infant-resuscitation team available 24 hours daily. Similar improvement in delivery room care associated with improvement in survival has been reported for six eastern NICU's. 32 Between periods 3 and 4 our obstetrical staff became more willing to perform a Cesarean section for delivery of the infant weighing <751 g. Survival increased so markedly for all infants whether delivered by Cesarean section or not that we were unable to demonstrate a clear advantage. Although several reports in the literature have not shown a clear improvement in neonatal survival with Cesarean section, 33 ± 35 other reports have been more encouraging. 26, 27, 36 Jonas and Lumley 37 found an improved neonatal mortality when VLBW infants in breech presentation were delivered by Cesarean section; however, if there were no obstetrical indication for section (including breech presentation) no improvement was found. By period 4, maternal steroids that have been shown to improve survival were commonly provided in the management of extremely low birth weight infants (ELBW) of BW 1000 g. 27, 38 Surfactant administration and high-frequency oscillatory ventilation were also valuable additions to management of respiratory distress in the neonatal intensive care unit during this time. 22,39 ± 42 By period 4, only 2 infants over 750 g died as a result of RDS/BPD. It is gratifying that accompanying this decrease in early deaths, there was no increase in postneonatal deaths before nursery discharge. Our 9% figure of postneonatal deaths is very close to the 10% reported by Hack et al. 23 for the NICHHD Neonatal Network. Hein and Brown's 8 classification of causes of death was useful in identifying preventable deaths for the time in which it was presented. In this classification, death of an infant of BW <751 g was assigned to Immaturity and the infant was considered nonviable. Improvements in survival have made it necessary to investigate causes of death other than immaturity for the infant of BW <751 g. For example, amniotic fluid infection can be responsible for premature delivery and for death of the infant due to congenital pneumonia. 43 A recent study of causes of death from our hospital that included infants from period 4 has shown that congenital infection as a cause of death in the ELBW infant peaked at GA 24 weeks and between BW 600 and 700 g. 44 Hack and Fanaroff 28 are the only authors to report survival data who also present causes of death for infants of BW <751 g. They found 34% of the deaths of these extremely premature infants due to amniotic fluid infection syndrome, compared to 27% in our study of ELBW infants. Without autopsy and study of the placenta, these deaths would likely be attributed to immaturity or RDS rather than infection.
The BW at which 50% or more infants in our hospital survived changed from >750 g in period 1 to between 650 and 700 g in period 4. At the same time, the GA at which 50% or more infants survived decreased from 28 to 23 weeks. Similar results have been reported by Allen et al. 21 in 1993 and Hack et al. 23 in 1995 with 56% and 54% survival at 24 weeks GA. Survival for the infants presented by O'Shea et al. 24 in 1997 increased from 31% at 23 weeks to 63% at 24 weeks.
Survival is dependent not only on BW and GA but also on condition at birth and response to resuscitation as shown by our data. These findings demonstrate the importance of a perinatal±neonatal team approach to management of the anticipated delivery of a VLBW infant. GA has been reported as the primary determinant of survival for the infant weighing <751 g at birth 15, 24 or less than 29 weeks GA. 45 Our data show that within each week of GA below 25 weeks survival was not reliably related to BW. Although there was a trend for decreased survival in smaller infants, it did not reach statistical significance. Fanaroff et al. 22 and Spinillo et al. 46 found that although GA was the major determinant, at any given GA smaller infants were less likely to survive.
In summary, dramatic improvement has occurred in the infant with BW 500±1500 g, especially in the smallest and least mature during the years 1982±1995. Maternal factors evaluated both in our study and by others showed no consistent influence on survival. Improved care during labor and delivery was associated with improved survival and emphasizes the importance of a perinatal±neonatal team approach to such deliveries. Race was related to incidence of VLBW infants, but had little influence on survival in each BW and GA category. There were more small infants among blacks but when survival was compared by GA, no racial advantage was found. Infant factors of GA, BW and condition at birth were consistently related to survival with GA being the most important in the infant <26 weeks.
